The balance between excitatory glutamatergic projection neurons and inhibitory GABAergic interneurons 23 determines the function of cortical microcircuits. How these neurotransmitters relate to the functional status 24 of an entire macro-scale network remains unknown. The posteromedial cortex (PMC) is the default mode 25 network (DMN) node with the greatest functional connectivity; therefore, we hypothesized that PMC 26 glutamate and GABA predict intrinsic functional connectivity (iFC) across the DMN. In 20 healthy men, we 27 combined J-resolved magnetic resonance spectroscopy to measure glutamate and GABA in the PMC and 28 resting fMRI followed by group Independent Components Analysis to extract the DMN. We showed that, 29 controlling for age and GM volume in the MRS voxel, PMC glutamate and GABA explained about half of the 30 variance in DMN iFC (represented by the network's beta coefficient for rest). Glutamate correlated positively 31 and GABA correlated negatively with DMN iFC; in an alternative statistical model which included the 32 glutamate/GABA ratio, the ratio correlated positively with DMN iFC. Age had no independent effect on 33 DMN iFC. No other network was associated with PMC glutamate or GABA. We conclude that regional neuro-34 transmitter concentrations in a network node strongly predict network but not global brain iFC. Macro-scale networks consist of distant brain regions that mani-52 fest synchronous activity fluctuations (i.e. functional connectivity, 53 FC) during task performance and/or intrinsically, during experimen-54 tally unrestrained brain activity ("rest") (i.e. intrinsic functional con-55 nectivity, iFC) (Buckner et al., 2009; He et al., 2009; Kelly et al., 2012; 56 Raichle, 2010; Tomasi and Volkow, 2011). The function of these net- (Greicius et al., 2009; Hagmann et al., 2008 (Douglas and Martin, 2004; Logothetis, 2008; Mesulam, 2008 
The brain, in general, and, the cortex, in particular, are organized 42 hierarchically: cortical neurons assemble locally into micro-scale cir- Women were excluded to avoid the unaccounted effect of variable (25 × 18 × 20 mm) placed between the bilateral PMCs. d. J-PRESS generated MR spectra showing multiple metabolites overlapping with GABA, which are readily resolved with the addition of the f1 (J coupling) dimension. Glu = glutamate; Gln = glutamine; Cre = creatine; GSH = glutathione; NAA = N-acetyl-aspartate; GABA = γ-aminobutyric acid.
levels of circulating neurosteroids on cortical inhibition (Belelli and 143 Lambert, 2005; Benarroch, 2007) trum (Behar and Ogino, 1991; Rothman et al., 1984 Rothman et al., , 1993 sample points, for a total scan duration of 21 min and 20 s.
173
Linewidths for the water resonance were monitored for intra-174 subject scan reliability and were (mean +/− SD) 7.3 +/− 1.7 Hz.
175
Relative metabolite concentrations were determined using the has been shown to be a stable metabolite in healthy individuals 181 (Soher et al., 1996) and thus is commonly used as an internal refer-182 ence in brain spectroscopy, absolute creatine concentrations were de-
183
termined from coincident voxels in a subset (n = 10) of our 184 participants using a standard short echo time PRESS acquisition and
185
LCModel's internal water reference method (Provencher, 1993) 186 showing values and intra-subject variation consistent with those The same Philips Achieva 3 T whole body MRI scanner and (Fig. 2) 256 and, thereby, IC22 will be referred to as the "DMN" component. 
were used in subsequent between subjects comparisons as a measure 267 of DMN iFC attributable to the condition (Calhoun et al., 2009) . ance and variable inflation factor (VIF).
285
Three different models were examined in this analysis. (Logothetis, 2008; Vizi and Mike, 2006) .
374
The various forms of regional excitatory and inhibitory transmis- tion (Logothetis, 2008; Magri et al., 2012) . In this study, we expanded 389 upon the findings of previous studies that revealed associations be- Linear regression of DMN beta for rest by age, voxel GM volume and PMC metabolites. a. Model summary b. Coefficients. Model 1: linear regression of the beta coefficient of the t1:3 DMN for rest by age, voxel GM volume, and Glu/GABA. Model 2: linear regression of the beta coefficient of the DMN for rest by age, voxel GM volume, and Glu/GABA, weighted t1:4 by the inverse of the crlb% for Glu/GABA. Model 3: linear regression of the beta coefficient of the DMN for rest by age, voxel GM volume, Glu/Cr and GABA/Cr. Glu = glutamate; t1:5 GABA = γ-aminobutyric acid; R = multiple correlation coefficient; R 2 = coefficient of determination; F = F statistic; df = degrees of freedom; t = t-statistic; VIF = variable inflation t1:6 factor.
t1:7 a. 
Muthukumaraswamy Northoff et al., 2007) and not hemodynamic synchronization (Brookes et al., 2011 (Jiao et al., 2011; Uddin et al., 2009 showed that age has no effect on DMN iFC independent of PMC gluta- The beta coefficient for rest of the DMN (y-axis) is plotted against (1) the ratio of Glu/GABA; (2) age; (3) the ratio Glu/Cr; and (4) the ratio GABA/Cr. Glu/GABA and Glu/Cr correlate positively, whereas GABA/Cr correlate negatively with DMN iFC. Age shows no association with DMN activity. iFC=intrinsic functional connectivity; Glu=glutamate; Cr=creatine. 
